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DETECTION OF BIOMOLECULES 



FIELD OF THE INVENTION 

The present invention concerns a method and kit for the detection 
of the presence of catalytically active ribozymes in a medium. The method 
and kit of the invention may be useful within the framework of a method 
5 and kit for the detection of the presence of specific biomolecutes in a test 
sample. 

BACKGROUND OF THE INVENTION 

Detection of the presence of specific biomolecules, such as DNA 

10 or RNA sequences, proteins, antigens, antibodies, etc., in a sample is 
required for a variety of experimental, diagnostic and therapeutic purposes* 
A multitude of assays are available for detecting proteinaceous biomolecules 
such as gel electrophoretogram, HPLC, affinity chromatography, as well as 
other assays which are performed by use of an appropriately labelled probe* 

15 While such assays are satisfactory where the proteinaceous biomolecule to 
be detected is present in sufficiently large quantities, they are at times not 
sensitive enough to allow detection of minute quantities of biomolecules. 
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DNA ox RNA sequences can be detected by the use of . labelled 
p( obe. Where the DN A or RNA sequences to be detected present in only 
very small amounts, they have to be amplified by methods such as 
Qigase chain reaction). SSR (self-sustained sequence replicauon) or PGR 
5 (polymerase chain-reaction) 

Allhough «np>i6c»tion methods such as PCR have had an 
extreme., high impact on basic rcaearch. .hey have been slow in n«Mne £ 

» the clinical setting The prima* reason f« *» » ** 
retirement for wtontatiou combined with the cUnfcal environment 
10 .^.haveyieldedp™^""-^^^^^ 
need to protein enzymes with •* high sensitivity to envtronmenta. fa«or» 
r^ute, , very eonttolted en.uonm.rt in which the, are to operate 
Typically. . clintou sample contains man, components that can towfere 
with ft, enzyme, ability to perform i» cuaiytic activity. In addmon. the 
1S standard methods that are used fo, samp.e prepared to r«le»e the nuc.e.c 
add* ..ch a. Guanidine thiocynate or Phenol e*«0on are unsuttabl. for 
protein based enzymatic acUvity and k is therefore necessary to remove the 
larget nucleic acid from sample preparation 

Ribotymes we WW* ™* ■ notecute5 **** ™ Zy " 1 " 
M catalytic activiue. that are usu.l.y of cleavage, dicing or ligation ofn.de* 
«jd .cqumee., The known substrates tor ribozyme. are RNA molecule. 
..though .here have been some indication, that ribozyme. may act on DNA 

molecules and on proteins. 

Natural riborymes which participate in totraceUular react.™ wo* 
35 in cis, caulking only a single turnover, and are us-ally self-modified 
curing the reaerton. However, ribozyme. can be engineered to act m 
» a ttrfy cmiydc manner, with a turnover greater than one a* -rUtou, 
being self-modified Two distmc, regions can be identified in a nbozyme: 
*. binding region which give, the ribozyme to spedBdty through 
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hybridization to a: specific nucleic acid sequence (and possibly also to 
specific proteins), and a catalytic region which gives the ribozyme the 
activity of cleavage, ligation or splicing. Each class of ribozymes cleaves 
a different sequence of nucleotides using a distinct mechanism of action. 
5 Each class is further distinguished by the number of nucleotide bases that 
are essential for its catalytic activity and by the degree of the specificity of 
the ribozyme and the target sequence (Robert H. Simons, Annual Review 
of Biochemistry, 51, PP> 641-671, (1992)). 

It has recently been proposed to use ribozymes in order to treat 
10 diseases or genetic disorders by cleaving a target RNA, such as viral RNA 
or messenger RNA transcribed from genes that should be turned off. This 
method is proposed as an alternative to blockage of the RNA transcript by 
the use of antisense sequences. Owing to the catalytic nature of the 
ribozyme, a single ribozyme molecule cleaves many molecules of target 
15 RNA and therefore therapeutical activity is achieved in relatively lower 
concentrations than those required in an antisense treatment (WO 96/23569). 

The use of ribozymes for diagnostic purposes has been only 
seldomly mentioned. WO 94/13833 describes a method for detecting 
nucleic acid molecules in a solution by tailoring a specific ribozyme 
20 molecule having two regions, one complementary to the nucleic acid 
sequence to be detected, and the other complementary to a co-target 
molecule bearing a detectable label. The ribozyme is able to specifically 
and reversibly bind both a selected target nucleic acid sequence and to the 
labelled co-target. When both the target and the co-target are bound, the 
25 ribozyme undergoes a conformational change which renders it active and 
able to cleave the label off the co-target, and the free label can then be 
detected. Upon cleavage of the co-target, the ribozyme is able to re- 
assodate with an additional co-target, cleaving more label and producing 
delectable signals. 
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Although the inventors of WO 94/13833 twined their invention 
"amplification of signal" there is actually no amplification in the number 
of ribozymes produced, but rather the reaction is purely an enzymatic 
reaction, wherein the catalytic substance (in this case the ribozyme) cleaves 
5 the substrate (in this case the co-target) and then disassociate and cleave 
another substrate. There is no true amplification of the number of active 
ribozymes involved in the reaction occurs. 

GLOSSARY 

10 Below is a glossary of terms which are used in the following 

description and claims. However, this glossary should not be considered 
separately and for full comprehension of the various terms and the meaning 
in which these terms have in the context of the invention, the glossary 
should be read in conjunction with the remainder of the disclosure herein. 

15 

Ribozyme - a nucleic add molecule which possesses an enzyme-like 
catalytic acivity. The term "ribozyme'' as used in the art generally refers 
to RNA molecules having a catalytic activity although in the context of the 
present invention this term is used to denote a catalytically active (enzyme- 

20 like) oligonucleotide in general. The ribozyme of the invention may thus 
be an RNA molecule, may be an oligonucleotide comprising dNTPs or 
composed completely of dNTPs and may also comprise a variety of non- 
niturally occurring nucleotides such as IsoG or IsoC 5'-0-(l-thio- 
triphosphate) nudeosites and 5-0-methyl nucleotides. The ribozyme which 

25 may be used in accordance with the present invention may be comprised 
exclusively of nucleic acids as described above or may require a co-factor 
for their catalytic activity. The ribozymes may have a catalytic activity of 
cleavage, ligation, splicing or splicmg-out (removal) of oligonucleotide 
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sequence, addition of groups to oligonucleotides, rearrangement of nucleic 
acid sequences, etc. 

A.Myed biomolecule - a molecule the presence of which in the test sample 
is to be detected. It can be an oligonucleotide or a member of a recognition 
pair such as rcceptor/ligand, antibody/antigen, lectin/glycoprotein, etc. 

Initiation ribozyme - The ribozyme which initiates the reaction where 
more ribozymes are produced, eventually leading to the generation of a 
detectable label. Where the method of the invention is used to detect 
biomolecules. the initiation ribozyme is part of the detection system (see 
below), and serves as a reporter for the presence of the assayed biomolecule, 
itace only in the presence of said assayed biomolecules it is either generated 
or it becomes catalytic** active. The presence of an active initiation 
15 ribozyme activates the catalytic system (see below). 

Detection system - the combination of molecules and reagents that enable 
the production or activation of a catalytically active initiation ribozyme. 
which serves as a reporter for the presence of the assayed biomolecule. » 
20 the test .ample. In other words, in the presence of the assayed 
biomolecules. following a reaction or a cascade of reactions, a catalyticaUy 
active initiation ribozyme is eventually generated. The presence of the 
initiation ribozyme is verified in the catalytic system (see below) where it 
brings to the generation of more active ribozymes in an amplificatory 
25 manner (the ribozymes themselves or a product of their catdytic activity. 
e.g. a free label is then detected at the final stage of the assay). 

inactive ribozyme - a potentially catalyticaUy active ribozyme which 
cannot exert its catalytic activity (cleavage, splicing, ligation, etc.) until it 
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to been modified, or until the conditions in the medium have not been 
amended to such in which it becomes active. 

Activation - rendering an inactive ribozyme catalytically active by some 
5 kind of catalytic action (cleavage, splicing, ligation, addition of group*, 
rearrangement), or by change of external conditions (such as addition of 
magnesium ions). 

Inhibitor, moiety - a moiety which may at times be present in the second 
10 complex molecule (see below) and which when present renders the 
initiation ribozyme inactive- The inhibitory effect of the inhibitory moiety 
«n be terminated by its modification or removal from the complex 
molecule. 

15 Complex molecule - a molecule which forms part of the detection system 
in accordance with an embodiment of the invention referred to herein «a the 
-activation embodiment''. In one mode of carrying out the activation 
embodiment, a "first complex molecule" is being used, which comprises an 
initiation ribozyme which i. a priori, catalytically inactive (for example, due 
20 to tack of magnesium ions in the medium) linked to a sequence capable of 
being cleaved by an active initiation ribozyme and comprising in addition 
a recognition biomolecule (see below). In another mode of carrying out 
the activation embodiment, a "second complex molecule " » being used, 
which comprises an initiation ribozyme which is a priori, catalytically 
25 inactive and is linked to » sequence capable of being cleaved by an active 
initiation ribozyme and comprising in addition a recognition biomolecule 
(see below). The second complex molecule further comprises an inhibitory 
moiety. 
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Reeognition biomolecule - . molecule capable of specifically recognizing 
and binding to the assayed biomolecule. Where the assayed biomolecole is 
an oligonucleotide sequence, the recognition biomolecule is the complemen- 
tary sequence. Where the assayed biomolecule is a member of a recognition 
5 pair (such as antigen-antibody) the recognition biomolecule is the other 
member of the pair. 

Fir* oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3'-5<: a double-stranded functional promoter, a 
10 single-stranded sequence that codes for a sequence complementary to the 
sequence of the initiation riborymes. a single-stranded sequence idenfceal 
(with the necessary U-T replacements) with an RNA sequence capable of 
being cleaved by a catalytically active initiation ribozymc, and a single- 
sttanded sequence complementary to the 5'-part of the oligonucleotide 
15 sequence to be detected. 

Second oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3' -5': a single-stranded 3'- part complementary 
to the oligonucleotide sequence to be detected, and a triggering oligonu- 
20 cleotide template (see below). 

Triggering oligoimcleotide template - an oligonucleotide sequence which 
is pan of the second oligonucleotide, the transcription product of which is 
capable of hybridizing with the back promoter construct (see below). 

25 

Triggering oligonucleotide sequence - the transcriptional product of the 
triggering oligonucleotide template, capable of hybridizing with the back 
promote* construct (see below) and after the back promoter has been 
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comply. c» bring to tt.-crip.io, of . oUgonvcteovWe »o»nc. » 

which it is attached* 

N„-*-pU« oUgooudeodd, - to wnscrrption .rodnc, of to 

3 oUgonurfeoUde hybrid obuined by hybridtauor, of to nude,, «rt 

•eouence, to fas. oligoaucieoude and to second oligon.cleoUde. and which 

eompme. from y-S': • ttigprmg oligonucleotide . 

MflM-r «» ft. biomolcd.. . «qF» comptema««y » . 

^nce which can be d«»ved by to tovu.tion riboryme. »d . **— 
10 complementary » to initiation riboryme. 

construct - . smile-stranded promos «,»«» .Mcted 
» . .ingle-awnded .eocene capable of hybridWng with to triggemg 
oBgomreleonde eequence. Af«. hybridiation with >he ttigg«to» ol»onu- 

15 deo«e .eouence. 1 «P» «*• - ■ » ittb " DNA I*"*-"**- * 
donbte-ananded promo*, i. creaKd. which in to »— «« ' 
^crirrtion W ««m (see below) » "p.bie of podnctog the 
oligonucleotide transcript (sec below). 

20 Rr-1 oug-netottd. w.acript - toe umcripUoa.1 prcduc. of to 
oUgonudeotlde hybrid, obutod following hybridan of the ~* 

pjltorcowttuct. <*»-■*•*• 

E been completed by . suitable DNA poiyme™. » • d^MeHr^ded 

Smetouu prom«er). — *>» ''- 3 ' : - ™<M°° 

25 sequence. . seance capable of being cleaved by ..id initiation riboryme. 
. «uen« tot codes for the complement of to defected sequence on to 
aesayed biomolecule. «d . sequence to. codes for to compter,** o, to 
Uiggrtn, oligonudeo.id. m*m. The inhlado. riboryme inaeuiftol 
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oligonucleotide transcript can cleave its adjacent sequence thus freeing itself 
and yielding a free, fully active initiation ribozyme. 

Third oligonudebtlde sequence - a nucleic acid sequence complementary 
5 to the 5' -part of the sequence to be detected in the assayed biomolecule. 

Third composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention, and which comprises the third oligonucleotide 
sequence linked to part of the initiation ribozyme. It optionally also 
10 comprises a sequence deavable by an active initiation ribozyme. 

Fourth oligonucleotide sequence - an oligonucleotide sequence comple- 
mentary to the 3'-part of the sequence to be detected in the assayed 
biomolecule. 

15 

Fourth composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention which comprises the fourth oligonucleotide sequence 
linked to part of the initiation ribozyme required to complete the part present 
in the third composite to obtain a complete catalytically active ribozyme. 
20 It optionally also comprises a sequence cleavable by an active initiation 
ribozyme. 

Catalytic system - An ensemble of molecules and reaction mixtures which 
in the presence of a catalytically active initiation ribozyme produces a 
25 detectable signal. This ensemble of molecules comprises a combination of 
composite molecules comprising a ribozyme which is a priori inactive. By 
one embodiment, the catalytic system comprises reagents and a combination 
of a first composite molecule and a second composite molecule (see below), 
comprising a first and second ribozyme (inactive), respectively. The first 
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tnd second ribozymes are a prion inactive and either or both can be 
activated by a catalytically active initiation ribozyme. Active first ribozyme 
may activate inactive second ribozyme molecules, and active second 
ribozymes may activate inactive first ribozyme to cause amplification of the 
5 number of active ribozymes in a positive feedback manner. Alternatively, 
the first and second ribozymes may be immobilized or spatially separated 
from each other and cleavage of one or both by the initiation ribozyme 
causes their release to the medium. Released, free ribozymes can free 
immobilized second ribozymes (for example by cleavage) and free second 
10 ribozymes can in turn release and free first ribozyme, thus giving rise to aelf 
amplifying reaction cascade which rapidly yields an amplification in the 
number of active ribozymes in a positive feedback manner. 

The catalytic system may also comprise in accordance with 
another emboidment. only one species of composite molecules which are 
15 immobaized or spatially separated from each other in the reaction vessel or 
which are a priori inactive. An initiation ribozyme activates the inactive 
ribozyme or releases the ribozyme from the composite molecule and active 
or released ribozymes then act to respectively activate inactive or free 
immobilized other ribozymes, then giving rise to a self amplifying reaction 
20 cascade which rapidly yields an amplication in the number of active 
ribozymes in a positive feedback manner. 

As a result of ribozyme activation or release, a detectable signal 
is produced which signal is indicative to the presence of the initiation 
ribozyme in the medium- 

25 

First composite molecule - comprises a first ribozyme (see below), 
optionally labelled, linked to second nucleic acid sequence (see below). 
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Second composite molecule - comprises a second ribozyme (see below), 
optionally labelled, linked to a first nucleic acid sequence (see below). 

First nucleic acid sequence - an oligonucleotide sequence which is part of 
the second composite molecule and which is a target for the catalytic 
activity of the first ribozyme (see below). Following the catalytic activity 
of the first ribozyme on the first nucleic acid sequence, the second ribozyme 
(see below) is either released into the medium or becomes catalyticaUy 
active. 



Second nucleic acid sequence - an oligonucleotide sequence which is part 
Of the first composite molecule and which is a target for the catalytic 
activity of the second ribozyme (see below). Following the catalytic activity 
of the second ribozyme on the second nucleic acid sequence, the fust 
15 ribozyme (see below) is either released into the medium or becomes 
catalyticaUy active. 

first ribozyme - part of the first composite molecule - is capable of 
cleaving the first nucleic add sequence and is identical in its catalytic 
20 activity to the initiation ribozyme. It is optionally labelled. 

Second ribozyme - part of the second composite molecule - is capable of 
cleaving the second nucleic acid sequence and is optionally labelled. 

25 Third ribozyme - a ribozyme which may form part of the catalytic system 
in accordance with another embodiment thereof. The third ribozymes are 
initially inactive. Initiation ribozyme acts to activate the third ribozyme by 
exerting its catalytic activity thereon (in a manner to be explained below) 
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„d the ribor*™. «-*-«.• ■** »«•>« •* *"»— 

in the catalytic system. 

polymer-. «• «"•«• which, in the of » oH^dco,^ 

„np.«. brm, to the «»eri,*to» of - oligonodeoud. *m«ipt 

Fourth riboeyn. - . riboryme which is p»t of to calyl* in 
^ort,^ with embodiment thereof. etui which once .«***r ecUve 
cn ligK » two pert, o. the nfli. riboryme (see below) to produce . 
c^U^y^venf* riboryme. The Mi rital- is co*pc*d of- 
^ two component* which «e MUr «* «-* m ug— 

^ by the fifth riboryme (when at*** .«*.). HM* «k 
Hption. the fourth riboryme become, olrlyucliy eoive. 

Ml* *«,«« - • rlborym. which i. par, of the —lytic 1— 
^nprUhvg the fourth riboryme end which once cauiyliclly ecuve e» 
u„te together two r*ru of the fourth riboryme to produce . c«,ly.iclry 
ZL. four* riboryme. The fifth riboryme i. composed of hM two 
„ components, which ere rniriel.y seper«ed end which «re I**- together by 
te foon)l riboryme. Following such ligeoo.. u» fl* ribozym. become. 
eatalyticBlly active. 

SWh r««y». - • pecific exunpl. of <»« *W wteei ° *" 

» bucove nbozyme eeme. en nucleic «H se,»en~. ^ " 
upon d«.v.re or v llcta»-o»t (U. removal) of this 
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Seventh ribozyme - a ribozyme wherein the assayed nucleic acid sequence 
complete, a missing portion essential for its catalytic activity, and thus once 
combined with the assayed sequence it becomes catalytically active. 

5 SUMMARY OF THE INVENTION 

The present invention jno^cs a ribozyme-based signal- 
amplification method which is relatively simple to perform, is rapid and 
inexpensive. Unlike hitherto available detecUon-amplification methods, the 
method of the invention is also suitable for a point-of-care (FOQ testing. 
10 One advantage of the method of the invention is in that nbozymes 

axe active under conditions found in the clinical environment, e.g. in 
bioligical fluids.. Furthermore, as will be shown further below, the signal- 
amplification method in accordance with the invention does not require the 
observance of specific conditions in order to ensure specificity (strict 
15 observance of conditions is a must in prior art signal-amplification 
methods). Additionally, ribozymes are functional in various sample 
preparation cocktails, e.g. 1 M Guanadine thiocyanate as well as in a 
saturated phenol preparation, which usually inhibits function of other 
detection-amplification systems. 
20 Ribozymes are composed of nucleic acid sequences and thus assay 

and probe sequences can be included in the ribozyme molecule. Further- 
more, it is possible to increase the specificity of the amplification process 
by engineering the ribozyme such that part of the assayed sequence itself is 
required for the ribozyme to exert its catalytic activity. 
25 A very powerful technique, termed in the art as "in vitro 

evolution" has been successfully applied to ribozymes to produce a 
ribozyme with various catalytic activities and specificities. By such 
techniques, a vast array of potential ribozymes are screened for activity. 
Those ribozymes that show activity are purified for further rounds of 
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selection and after repeated rounds only the most potent candidates remain. 
In traditional amplification techniques, following a choice of the enzyme, the 
environment where the enzyme is to operate, i.e. the sample-compnaing 
medium, has to be modified to allow proper activity of the enzyme. In the 
5 cue of ribozymes. using in vitro evolution, it is possible to select a 
ribozyme which is highly active in a desired clinical (biological) medium, 
by performing the in vitro evolution in a selection medium which is 
identical in its composition to the clinical sample. 

The present invention provides a sensitive method for the 
10 detection of a catayticaUy active ribozyme (referred to herein as "initiation 
ribozyme-) m a medium. Detection of the presence of a catalytically active 
initiation ribozyme may be a goal by itself, although usually the catalytically 
active initiation ribozyme serves as reporter for the presence of other 
biomolecules in the test sample. Once a medium comprising an active 
15 initiation ribozyme is introduced into a catalytic system in accordance with 
the invention, there results a catalytic reaction cascade which gives rise to 
an exponential amplification in the number of active ribozymes. The 
catalytic system comprises ribozymes which are either inactive or spatially 
separated from one another such that they cannot exert their catalytic 
20 activity; the initiation ribozyme frees or activates ribozymes of the catalytic 
system which in turn free or activate respectively, further ribozymes of the 
system. The ribozymes either carry a detectable label or the catalytic 
activity causes generation of a detectable label, which then serves as an 
indication of the catalytic cascade which occurred in the system. 
25 According to embodiments of the present invnetion in which the 

ribozymes are initially immobilized, the presence of free ribozymes in the 
reaction medium may serve as a detectable signal by itself. In accordance 
with another embodiment, each active ribozyme is made to cany or produce 
a detectable label and these then serve as the detectable signal. 
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According to the method of the invention there is very little false 
positive signal, i* low noise level; furthermore the method of the invention 
enables the detection of several biomolecules in a single assay system. 

The present invention thus provides a method for detectmg the 
5 presence of a catalytically active initiation ribozyme in a medium, compris- 

ing the steps of: 

(■) providing acatalytic system comprising 

(aa) ribozymes which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
10 activity on their target; the target of the ribozymes being other 

ribozymes of the catalytic system, their catalytic activity on such 
other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow them 
15 to reach their targets; 

at least some of the ribozymes of the catalytic system being a target of 
the catalytic activity of the initiation fibozyme, the catalytic activity of the 
initiation ribozyme on said some of the ribozymes being that of (i) or (u) 

above; and comprising 
20 (ab) a detectable label having detectable properties such that the 

catalytic activity of the ribozymes causes a change in the 
detectable properties; 

(b) contacting the medium with said catalytic system; 
25 (c) providiiig condition perm^ 

ribozyme and catalytically active ribozymes of the catalytic system to exert 
their catalytic activity, whereby the presence of a catalytically active 
initiation ribozyme gives rise to a reaction cascade in which ribozyme. of 
the catalytic system are activated or freed into the medium; tad 
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(d) deleting s,id derecuble properties, . change in aud property 
k*, . tadicauon of the presence of .n acdve initiation »bo.yme m M 

n " d, ° ,B The prime utility of the ribozym. detection method of the 
1 invents, is within ft. frameworK of .. assay de.ip.ed to d-ec, the 
prae „cc of » biomolede «.cb « » -*»■ "» ' 

mcntbet of . hurting couple »ch a. anUbody-antigen. sngat-Uctin. . " 
. biologies -Pie. Such an a*ay t»y «— H""* be though, of « 
minpris ing ,«o distinct components (although these component, mar be 

M included phy^, a**- - • — " "It: 

end a estate sysrem * sueh . ass.,, the pre»nceo, to aa-yrf 
biomoleeule bring, to the production. » . manner to be deaenbed furtor 
b*w. of a cauiyUeany active initiation «*-»- med """- . ^ 
«**dy «*. initiation r.bozyme ton »«s a, a report molecule m to 

15 aUl ytic system, giving rise, following a reaction e-c^e whKh amphfie. 

,he number active ribozyrne* » to «PP«»« * ' "*> » 

^reaction medium esgener.,1, described above, m appear^ of such 

a derecubl. i.bel i. to med.um of to «** system thu. ^esto 
.f to «»yed biomoleeule ta me original aa»yed brologicni 

20 simple. 

DETAILED DESCWFTION OF THE INVENTION 

In accordant, with the invention, novel use is nude of ribozymes. 
t. the most gener^raed mm. a —I* sy«em eompririn, ribozym« i, 
2S used for to deletion of to pms«« of a catlyti-Uy ™ 
ribo.ym.manau.yed medium, r^oaof to presence of a ca« 
rtv. initiation riboxyme in an usared medium may be. go-by M 
e^pie. in to process of pmparatta. - "boa,.*. * * — 
,n addition, in accordance with . P-efened embodiment of to invention, to 
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active initiation ribozyme serves a, a reporter 
of assayed biomolecule (other than the initiation nbozyme) » an assayed 

biological sample. n may ^ 

The ribozymcs used in accordance with 

, r ,ma At time it is possible also to replace some ot 

the ribonucleotides ("rNTrs J m * . . ;r1< . t 

rime U ii imdemood that the torn "*"0"" e mMns 10 

. ,„ „. lNTP , or caulytic oligonucleotides 
nucleotide, compos ent.rel, of iHW. « yu _ 

„ nucleotide* Th.ri h o I ym«m.»..»ob. M U«ly C c mP ««lotDN A (B.eU 

Tte riboxyme. of to bw-A. m., »mpn« of .uKtac 
„ d««tod .bo« comp^ . aon-nuCe* - 

a, ^uonlceic .rid — y *« ™ 

w-frcto, for lb. ribosymrt oiulytio ectivity. , lh .„«u 

m o^^cottdc m .y. o» — • * * *T 

ine o«g» rf »jTP B \ or a RNA oligonucleotide 

nucleotide (consisting entirely of dNTPs) 01 * fllNA 

,', frwrP^ However, specifically in the case of RNA 
25 (consisting entirely of rNTPs). « reoUwe some or all of the rNTPs 

oHBonudeotides, it is at times desired to replace some o 
ZC™. or otor n-tu* -d dec*** nucleoud*. 

the detection of the presence in • two" m"™" 
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initiation ribozyme. By "catalyticalfy active", it is meant that a ribozyme 
is capable of carrying out a catalytic reaction such as cleavage, splicing, 
ligation, addition of specific groups such as phosphate to molecules, 
rearrangement of nucleic acid sequences and the like. 
5 The catalytic system in accordance with one embodiment for 

carrying out the invention comprises two species of ribozymes which are o 
priori inactive, but become catalytically active as a result of the exertion of 
a catalytic activity thereon. For example, each ribozymc may have a nick 
or break in a portion essential for its activity and prior ligation of this nick 
10 or break is thus required for its activation. The catalytic system in this case 
comprises two species of ribozymes, each species a priori broken into two 
components and thus initially inactive. An active ribozymc of one species 
is capable of ligating the two components of the second species of ribozymc 
thus rendering it active, and an active ribozyme of the second species of 
15 ribozyme is capable of ligating the two components of the first species of 
ribozymes, thereby rendering it active. Then the activation proceeds by 
cross-ligation in a positive feedback amplificatory manner. 

The first active ribozyme of one species may be produced by the 
initiation ribozyme which is a product of the detection system, in one of two 
20 routes. According to one route, some of the ribozymes of the first species 
are a priori fully assembled but cannot ligate the parts of the second species 
of ribozyme, since they are spatially separated therefrom, for example, as a 
result of being immobilized by means of a porous membrane, etc The 
initiation ribozyme cleaves the molecules of the immobilized fully assembled 
25 first species of ribozyme, and the free first species of ribozyme then ligates 
the second species of ribozymes which can in turn ligate members of the 
first species of the ribozyme which are not, a priori, assembled and so on. 

Ar^pff.ig to the second route, the initiation ribozyme is itself a 
Ugsting ribozyme which ligates from its puts, at least one species of the two 
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ribMym e of the «u>y«c system, thus initiating *. -»^'^ 
tas Ia«se.hereisnoneedto sp.da.iy separate v— — * £ 
Lytic .y*em since tm.il the «— » — "* " 

rMrton mixture no catalytic proceas can bepn. 

o,,pUeed^.for*en«s.e..v.uon. Fnr*e,e»m P .e«nb^» 
„^ ^ seouence — ^ or addttion of specific poup, fot 
vJlhe.e^pl.-^e.e.w^^^e^ 

10 .pUctna, U. .ddliion of . sequence Ml . to *W» 

0»e sp^e. of riboryme. *he« «e .«.«e fonn. ni., «nv«e 

^ ribo.ymes o, *e seco.d specie. * *. — » £ 

u, modi, .Tome, specie, of riboxyn,. ft- . i— - - 
X5 T« W o rhymes ma, po«nna„y possess the « 

(«* ** are Hgaung r*o,me, or bo- eleavm. nbosvm... etc) - 
m.y possess different types of catalytic activiues. 

0«o,b^.p^.Jtn.^^^ m »'" CUV f *^ 
by , eauiytieai.y «*. initiation ribozyme. Mo, to ?-*"~ 
, il.U» ribc^yme to the medino, the catalytic 

„ no e«alyUc activity t*espUce. in the pr«e»ce of such 
rfoo^, . riboayme aropiiOcanon cascade began, w- 
lie generates in turn more active ribozymcs in a po„ B ve fee*.* 

25 manner a, described hereinbelow end such a signai is «*-~ . * 
Z~ of the oHgin* — >*-T — «— ^ " 

The «u)yUc system u, accordance with another embodiment for 
c^ta, „« th. invantion comprises two species of composite molecule,. 
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each comprising a ribozyme linked to a cleavable nucleic acid sequence. 
Tta ribozyme in one species of composite molecule, is capable of cleaving 
the nucleic acid sequence in the other species of composite molecules so that 
cross-cleavage between the two species of composite molecules is. » 
5 principle, possible, while self-cleavage is avoided. However, prior to 
introduction of the initiation ribozyme to the medium, cross-cleavage does 
not result since the two species of composite molecule, are constructed so 
as to prevent mutual interaction between them, while cleaved ribozyme. are 
Ale to interact with other composite molecules in the test vessel and further 
10 relewe ribozymes to the medium in a positive feedback manner. 

Prevention of mutual interaction can be done, for example, by 
immobilizing each species of composite molecules to opposite sides of the 
« veasela; by linking each .pedes of the composite molecule to different 
beads or different colloid particles having properties, e.g. sue or other 
15 properties. e.g. the same electric charge (which repels the beads from one 
another) which prevents any kind of interaction between molecules attached 
to one with molecules attached to another; by linking the compose 
molecules to moieties having the same electric charge, so that the electneal 
rejection between said moieties will prevent any interaction between the two 
20 composite molecules; by placing each species of composite molecule, at 
opposite aide, of a porous membrane which does not allow penneaUon 
therethrough of the full composite molecule, but allow, free parage of 

cleaved ribozyme. 

Analytically acUve initiation ribozyme, either present in the test 
25 medium a priori, or produced as a result of the presence of another 
biomolecule in a biological sample (such a ribozyme being in this case) ( « 
reponer rUxxyme") is able to cleave a specific nucleic add present in one 
o, both specie, of composite molecules thus freeing the ribozyme. of the 
catalytic system. The cleaved ribozymes are able to interact freely la the 
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v„*l with ,h. ribozymes from the oUter specif compos 

m „U*u le s, which in turn. «« *« riboIym " ^ *' ^ 

5 p^ e .ofco m p M i,«mo.^l«>u,c fM Un ga ^-^™'«3 
ofrib«ym«. Such aoss-cleavsge of ribozyme, act. in . pos.uve feedback 
5 manner, causing subsuntW amplification of .he reacUon. Either or boti. 
.pecies of ribozyme, typicily b« drfeeabl. labels, lb. *•»■ - 
cleaved labels, indices ft. presence of the -Ulytolly active initiation 

ribozyme in th. •«*» «•*-»■ ™— te ta " i * ,i,,n *"»" " ' 
reponer ribozyme, diction of • &~ >**' ■» " reSK,a> * " 

10 assayod biomolecul. in the reaction mtature. 

The catalytic system may comprise, in accordance wrth other 
embodiment, on., on. sp«i» of maoiv. nbozymes or one spec* of 
compos molecule, comprising . ribozym. and a nucleic acid 
cleaved b, the ribozyme when converted into a free or active form. In an 
.ndogou. manner to that describe above for the »ld one embodiment. each 
*«. molecute of the riborym. is inactive ..til th. cauly.ic.uy aenve 
initiation ribozym. is i«rodu»d to the medium: for «Mmplc «h nuetiv. 
molecule is in the form of a d-d-** which may be opened by deavage 
o. aplicing-ou. of. stretch of nucleotides, by a cualvtall, active inmetion 
rioozyme. Activated (open) ribozyme. men ope. md activate outer such 
closed-circle molecules of the catalytic system. 

to m analogous manner to that described above for the Mid 
mol h„ ,bove second embodiment, e** single specie, of the compost* 
molecule may comprise a ribozym. position*) to - **"" 
„lf-cl.av.g. of th. Vacant deavable nucleic add sequence, for 
^pte. by pladng the sequence immediately adjaco. to the ribozyme. 
The fact that there are no intervening sequence, between the ribozym. and 
«ta deavable sequence stsarieaU, tahibits to <* eteav^ d» «■«'•»'« 
^ence ma, also have an inverse* orientation, and cir deavag. wtll thus 



15 
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not be possible). However, released ribozyme may approach the nucleic 
^ .equence in a correct orientation, and cleave it, thereby releasing more 
nbozymcs to the medium. In order to prevent spontaneous trans cleavage 
of non-released ribozymes. it is possible to ensure spatial separatum 

5 similarly as indicated above. 

D«eeuon of the presence of ac»v,«d riboaymes in the cmlyuc 

lyIKm ouy ,*= vanous loan, depending on W »' «"■** "f^ 
of fte nboayme Wbere, for «erapl=. fte «MV * «•«••»» « ^ «* 
. Ubel may be linted to .he par. » be de** « spliced o». and de«eu» 
,0 of auch freed Ubel is .be* an indication of the pr«ence of the ca.a^cdly 
.ctive initiation riboxyme in the medium. 

In some caw the anivation <>* «• • ito ^ m! w ' 
i. fce disune. beweeo Wo regions of <»= riboayme. sneh as where »» 
disun. regit*, are brongh. togdner by ligtion « rearrangement, by apliemg 
a5 ou.ofan interfering segion. or herein •» W«» «•*- - 

-at** for example by opening of . closed drde. In web e« * » 
posaibl. • .«ech , fluorescent marker on on. region of U>= ribotyme and 
. moiety, »ch » R«U»in« -Web ,«n=be, to Ugh. emiasion from the 
D^o-ceram-kero. lb. Mm region of fte.ibo.y-e. Rodimme ha* a 
20 quenching effect on Ok light emission of a fluorescent labd when the <wo 
ixe edieceut and no such effect when the two tie separated. Bymonitonng 
te ctonp to Ugh. emission of toe f>»o«e». label. U in » 
dewnto, whefter the two ,.gior» .re adjacent (tor example in the e» of 
. dosed-circl. i^euve ribor.ym=) or separated (when mc riborymc has been 

25 opened and activated). 

The Ubel may also be carried on a subsnue wau* » not 
^.ttd with the ribozyme and on which Urn caulyUcally Knve ribozvme 
„«,!. catalytic netfvtty. For example. *e label may be earned on 
a nucleic add sequence, which to cleaved or spliced-oul as a waul. 
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whereby <H. „bei U — - * — ^ 
will m such . cue be bssed on UK present of . free 1.W u> 

, " , ' ta,n ' The M-ponf -ss «*— * ^-^'^ 

, ooss-iigsuon. cross-splicing. «oss reerrangemen, « ai— ° 

methods s~h s. PCR o, LCR reojure —> «- 

l0 compute. «, — «» *» " " """^ 

in i much shorter time period. 

Wtoe u» eMrtytailj •=*>» ,ito * y,I,e " 

^e, riboiyme fo, the presence of o*e. b*mo.ecui». . de~no» 

uV^teeu in w M =» . M|M — *"»"" "f*^ 

15 „,u y m the presence of the eusyed biomoiecule. This may be performed m 
1 of the lowing embodiment referred to herein .» .he — 

the "ascmbly emboai- 
embodiment", the Voisstriprta. emtocicmMl . the «e""»7 

mair". tod the "completion embotimnt". 

According « th. action embodiment, the MM- 
» rihozyme ^priori in«u»«. This taoMV m.y be . rerol. of .he *«. 
of rn^nm ion., which » ^ for the r^yme, e^y~ 
from .he medium; i.m.yb«. tesuhef .^^ceof » ^b^rno^ 
* the mrfmm; * m.y be . «* of the pre^ce in * med.ua, rf - 
oUg^ieotide which hybrids to sequence which i. to be ciesved .o 

„ Von. » th. ^ U doubled, «. — 
lodim„U meriboxymei.lin.edu,. recogniiion 
eapibl* of epeciBc.ll, recognizing end tad* . the ******** 
Zt*.^ «mp.c For exsmoie. where .he »»,ed b.omoieueie 
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♦w. teeoBniUoo biomolecule is the complc- 

'-"-"""ZT* JZZo^ > - — • *• 

memory sequence; wheK Y „ hmft . TOye dbiomolecute 

i, an antigen, the recognition b»D»te«le may be 

„„« of ate diff«»« b«ween the compte* « >— 1 " * 

o b — - * T ~ 

- — t^ST- changed so is to 

ribotyraB! e,c. After ^ *p»a * ^ 
activate the ribc^me, for eaampte. by amnion :.i,ii,it™v 

* modifying . - ^^ZZ^Z 

Branded cleavable .equence; etc Only "» ' 

^1 which — «»■ f 

praent. neozym mtoortrte change of condiuona. 

retained riboiymea are acwated by » «PP P 

The UBBerfP-oh embodtaen. of the mvennon » 

ph» of to «mbe^n»« e« be c^ 0.. gen«a«, » de^b^I^ 
£l Appiieatioiu Nos. 105694 and U1857 (and tW county FCT 

25 «y. en.t-odin.ent eompru« wo ofcgo ^ ^ 

~ « *° ^jTf^ r acuence co^ury io th. 
molecule compnscs upsireim Bom »*h 
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assayed biomolecule, a functional promoter, a sequence that codes for an 
initiation ribozyme sequence and a sequence that is capable of being cleaved 
by said detecting ribozyme (also essentially a DNA sequence). The second 
oligonucleotide molecule comprises, downstream from the complementary 
5 3'- part of the assayed sequence, a triggering oligonucleotide template, the 
transcriptional product of which is capable of triggering transcription of 
sequences of initiation ribozymes as will be explained in detail hereinafter. 

If the assayed biomolecule is not present in the test sample, then 
the triggering oligonucleotide sequence is not transcribed, since only 
10 presence of the assayed biomolecule brings together the two molecules 
required to product the appropriate template of said triggering oligonucleo- 
tide sequence: namely the first oligonucleotide molecule carrying the 
functional promoter and the second oligonucleotide molecule carrying the 
triggering oligonucleotide template. If the assayed biomolecules are present. 
15 and in the presence of transcription system, the triggering sequence is 
produced and in turn is able to bring about production of transcripts 
containing initiation ribozyme linked to a sequence capable of being cleaved 
thereby. After self-cleavage, these transcripts release to the medium 
catalytically active initiation ribozyme. 
20 According to the assembly embodiment of the invention, also 

appropriate in cases where the assayed biomolecule is a nucleic acid 
sequence, the detection system comprises a third oligonucleotide, comprising 
a sequence complementary to the 5'- portion of the assayed nucleic acid 
sequence, and a fourther oligonucleotide comprising » sequence complemen- 
25 tary to the remaining. 3'- portion of the assayed nucleic acid sequence. 
Each of these oligonucleotides comprises also one portion (for example, 
half) of a ribozyme and both parts together constitute a full, functionally 
active ribozyme. la accordance with this embodiment, the function of the 
assayed nucleic acid sequence is to bring these two oligonucleotides 
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together, thus yielding afunctional* active initiation ribozyme. Thus, in the 
presence of an assayed nucleic acid sequence in the sample, the functional 
initiation ribozyme will be generated which could then be detected in the 
catalytic syatem of the invention. 
5 in accordance with the completion embodiment of the invention, 

the detection system comprises a seventh oligonucleotide and the assayed 
sequence, complexes with the seventh oligonucleotide to yield a catalytically 
active initiation ribozyme. For example, the assayed sequence may form 
part of the catalytic core of the ribozyme. Thus, in accordance with this 
10 embodiment, the ribozyme is a priori incomplete, and only in the presence 
of the assayed sequence it becomes a complete, catalytically active ribozyme 
which may then be detected in the catalytic system. 

The assayed sequence may complete the ribozyme by hybridizing 
at its 3*-end to a sequence on one side of the ribozyme'. missing portion. 
15 and by hybridizing at its 5'-cnd to a sequence on the other ride of the 
ribozyme'. missing portion, thus bridging the missing portion and creating 
a functional initiation ribozyme. 

The assayed sequence may also be able to complete the 
ribozyme's missing portion by "reverse exon splicing wherein the assayed 
20 eequenceis inserted into the ribozyme through suitable cleavage mid ligation 
reactions. Said "reverse exon splicing* may be carried out by other 
ribozymes present in the medium. 

In order to decrease the "noise" level of the method of the 
invention and decrease false positive results, it is possible to combine two 
25 or more embodiments of the invention to doubly ensure that no catalytic^ 
active initiation ribozymes are produced in the absence of assayed 
biomolecules. For example, it is possible to combine the assembly mid 
activation embodiments of the invention, whereby catalytically active 
ribozyme. will De generated only as a result of two accumulative condition.: 
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assembly of a full ribozyme from its two parts in a magnesium-less mixture, 
and after washing away free incomplete ribozymes, activating of the full 
ribozyme by addition of magnesium ions. 

The ribozymes used in most embodiments of the detection system 
of the invention are in most cases universal. U. the same ribozyme can be 
used to detect different assayed biomolecules since the specificity is acquired 
by the attached recognition biomolecule (in the activation embodiment), or 
by the first and second oligonucleotide molecules (in the transcription 
embodiment) or by third and fourth oligonucleotide sequences (in the 
assembly embodiment). The fifth oligonucleotide in the case of the 
completion embodiment of the invention has to be tailor made for each 
specific nucleic acid to be assayed, since the sequence recognizing the 
assayed sequence is part of the ribozyme itself. 

The present invention also provides reagents required for carrying 
15 out the above method as well as a kit comprising said reagents. 

In the following the invention will be described with reference to 
some non-limiting drawings and examples: 

In the drawings various symbols are used which in the context of 
the present invention have the following meanings: 



10 



20 



25 



Straight line ( ) " ™A strand 

Wavy line ( ) - **** strand 

A3,C, ate - - sequences in the coding strand of a 

DNA 

A'3\C, etc. .. " sequences in the complementary 

non-coding DNA strand 
•Acetc- -Resequences 
■\b'c\ etc - RNA sequences complementary to 

a,b,c 
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immobilisation on a solid support 
detectable label 
inhibitory moiety. 



BRIEF DESCRIPTION OF THE DRAWINGS 

BKis* «rtalvtic svstem of the invention 

Fls* 1 shows an embodiment of the catalytic system 

Josnecie. of composite molecules activated by exoss-deavsge. 

em—toft—^ 

i or cross-souring: wherein the nbozyme is m 
i activated by cross-cleavage or cross spuwu* 

> acuvsieo vy nboryme requires 

the form of a closed circle (Fig. 2(a)), wncro. 

miicina for becoming active (Fig. 2(b)); 

sphemg fox oecomin* composite molecules can be 

Fig. 3 shows various manners mwnicnw >~ 

ta- one mother: by immobilization to distmct site, of the 

separated from to large beads (3B); by linkage to charged 

5 reaction vessel (3 A); oy w * # at 

,3 kwm ^ f composite molenuet ai 

moieties PO; md by pliui* 01 amf 

opposite sides of » poreut membrane; 

Fta. 4 show, .n exunpl, o£ the auction .y«m eccotdtw <° *• 

20 *~r:r^— 

fc JL. embodiment of *. invention wH„ein tn. ~ 
by modified of ~ Wibitory moiety; 
R,, « stow. . de.ee*." UmSa "*°'' 
25 embodiment of the invention, „„„,,„„. with tbe 

Ita. 7(.) .od 7(b) *» » - 
^emLmett of .he mention; whetc *. * 
Zibiyme hybridize u, me ~>y« «id V* « 
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* ^ u«»«m ft hvbridiies with the assayed 
where the opened stemp-H of the nbozyme hybndiie 

sequence (Fig- 00). nf ^ catalytic system of the invention 

Fta, 8 shows an example of the cataiyuc »y 

• . «f rihozvmes activated by cross-UBation; 

to stem-n open .ibo»,n« of F* 7(b). 
to do»d-ci,cle composite molecule of Fi,. 2(b); and 
untreated Wood and denaturin» agents. 
U DESCRIPTION OF SPECIFIC EMBODIMENTS 

^ "H-ce is Cist made to Fig- 1 - — * 

*.n™taa two ™c«s of composite molecules 10 and U- Compoat 
compose, two ipecm wUch ^ be ^ted 

» moUcule 10 compnse. 0== tjrp. <=' '■ b ' UKl ""T ffl Composite 

„ A 0> «- - - 72^2^1* I be 

molecule 11 comprise. aw*" W ° [ UbcUed B B 

denoted ». B (M) end an RNA sequence Oft J»J» 
molecule 11 is capable of deaving sequence b m motecle 10 -» 

" "Lie 10 is c-*a> of dewing .equate. . m mole- 

25 nbozyme A in molecule ^ is 

cJu WUall, molecule. 10 and 11 - no, able to mte^ct au^ch » 

i. d» cap** of dwvutg seqoettw b in molecule 10. 
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* WW. ribo^ymc i, ^ k lb. «*> »*™ 

nboiynK A 02) ^ miJOttte ^ 

5 ribotyme B(14). Free nboryme B CM) » V> • VL_„ A <«, 

W ^ ^ .now,, „ - o, — io CC^M 

u ^rhead linked to sequence 13 which is then 

sen ill 

labelled at 3' -end by biotin. (upnu « 
letters: RNA) 

15 3 .CCA « 8 GCC GAAA GGCc , U «Gl*« CGU AAA- 

letters: RNA) 

. -nrr GAAA GGCc gaa acAC guc UGG AAA 
25 5'-GAG ACQ cugaug* gGCC OAAA » 

■ t» ... referred to as different 
Although ribozymes A and B are referred 

- «„d h .re referred to aa different sequences, both 
the ribozymes and sequences may be acwauy 
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10 



15 



!L .equencei.auch. pro^y whlcn docs no, eneb,e - 

.Jr^y. — «• » — ^ t ^ r * 

^ . be don. b, »U. to riboz^ne toto* adjacent » ' 

^Tay enable ™. <• »— *» T" ^ 

^frl.u penally cleavabl. sequence b, -era, nuclei £ 

5pB i . Th B «fare when the ribozyme m the 

efficient cleavage to take place. Therefore, when 

composite molecule i, linked directly with no spacng to ft. de^ao c 

JL, there is no possibility of c* cleaving and the sequences can be 

cleaved only in trans while enabling only cleavage in trmu. 
aw . tnv, -y( B \ w M c h shows another 

Reference is now made to Fib. ZW wmcn su 

^nve wto. only .« spec* of compos*, mo.cc.lc, U ,mm * to 

vc«l. The ca.ytic *mm comprise • sin... •*«-•* 

monies IT, each compriain, a nboz^e C OJ1 - • 

Urns ribozyme Wis initially inaclive. 

If cataiyocilly active burton ribozym. H' is present ■» *• 
medil, « U ab>e to cleave the sequence C ana open to ribozyme 
«uv. Open ribozyme W can in torn open, by de.vage. addmon* 
, e^Ue moiecuie. 17^ tnmin, torn D«-U- - * ^ °" 

by 1, , fiuoreacen. l.b=. t» and RooWe (R« ™« *• - - 
^ac^aaintned^ed moted. to light emission =1 to to— »*• 
^quenched and when ,hey or. separated, « in to open rr»lecul« sequence. 

tel 1 gM.nri»onoftoD»o<^.l.Wb^» sm »« n - 
s Reference » now made to F.g. 2(b) which show. ye. .note 

fo. to culync sy«em comprising only . to* *«™<* 
eompozn. mo.ecule. Ribozyme 17- has in it, core resion a. - 
^cieoUd. seq«nce IT which render, the ribozyme inacuve. A» to 
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1 o which does not allow 
of .he «u. i. . bfccta* group « 

ribw^ i« then »P»bIc of «pl«mg 
according to one option (Option l) fltt0I es«nt 

out group compnsing free extra 

• c^es a detectable label. ft( 4ft of Fie 2(b) resides in * very low 

The advantages of the mode of Fig. UP) *»' 

occurrences must happen sprawl 
20 spontaneous ligation iw a P ,w 

a fluorescent label, an enzyme which in the presence 

. w..i .iw interaction between free rioozynw* »* 
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OTlyaltototo Cher _ .=r »n.«uc«»g *e cmlytic ofthe 

f the reaction vessel 18 while ribozymes 12 and M 
5 and separate sites of the reaction VK » 6 ' 

diffuse freely in the reaction mixture iromobi iized 

Fig 3(B) shows molecules 10 and 11 wwen 
onto be^s 19 the size ofwhichprevents interaction between said molecules, 
onto oeaos ^ ^ reacUoxv 

However, free nbozyme 12 and 1* are aoie w. 
l0 mixture and interact with the composite immobilized 

Fig. 3(C) shows another example of seating composite 

«. 10 and 11 are attached to charged 

molecules wherein composite molecules 10 and liar 

^ed r^e, **- - P— 
15 mofccule. 10 end U. — »» » - X ™ 

Fi. 3(D) shows yet woUwr example of •ep««»W "» 
copci* «**m 10 id 11 b, pfe* oppose end, of . poroos 
membnneM which «r«» » » »«"• ,,,,,em, P * 
20 moieede, 10 «d « «*»• p^ge of the w»- free 

^ to e^ - - - 

* ^ed. Accord* . «* — . -F— — * '""T^ 
blocker roolecuie which r^de* the de^e «,uea=e b -d 

re,io„ of W A doubic st-ded. ^P««* « 
JL «U» moleco.. ... the ribotynw if aoi d- . the « 
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blocked in a similar manner. If initiation ribozyme is present in the reaction 
mixture, it displace, a part of the blocker molecule present on the composrte 
molecule 10, and then the initiation molecule is able to cleave sequence b. 
Once sequence b is cleaved ribozyme A is also rendered active since the 
5 partially displaced blocker molecule completely falls off composite 
molecule 10 turning its catalytic region to become single stranded and 
active. Active ribozyme A then displaces the blocker molecule of composite 
molecule 11 in a aimilar manner as described above cleaving the deavable 
sequence turning Ribozyme B .ingle stranded and active. Ribozyme B 
10 then activates composite molecule 10 in a similar manner to the activation 
of the initiation ribozyme described above, and cross activation of the two 
composite molecules can then proceed. 

Reference is now made to Fig. 8 which shows another 
dtemative fox constructing the catalytic system of the invention. The 
15 catalytic system comprises two species of ribozymes 80 and 81 which are 
active when fully assembled but are inactive when separated to their parts 
80a. 80b and 81a, 81b. respectively. Full ribozyme 80 is capable of ligating 
ribozyme parts 81. and 81b to produce a full and active ribozyme 81. Full 
ribozyme 81 is capable of lining ribozyme parts 80a and 80b to produce 
20 a full and active ribozyme 80. so that cross-activation proceeds by cross- 
ligation* 

Initiation ribozyme 86 or 86' is capable of creating a full and 
ective ribozyme 80 either by cleaving a full but immobilized ribozyme from 
• location wherein it is spatially separated from ribozyme parts 8la and 81b. 
25 for example, in one of the manners specified in Fig. 3 (Fig. 8 top left) or by 
being able to tigete parts 80. and 80b to form the full and active 
ribozyme 80 (Fig. 8 top right). 
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DETECTION SYSTEM 

Where the method of the invention is to be used to aid in the 
detection of biomolccules other than riborymes, the invention includes also 
a detection system capable of product catalytically active initiation 
ribozyme only in the presence of the assayed molecule. 

Fig. 4 shows one example of the activation embodiment of the 
invention. In this example, the assayed biomolecule is an immobilized 
nucleic acid sequence A (41) for example a DNA sequence. Immobilize 
can be carried out in accordance with any method known in the art. for 
example, with the aid of a «oss-linking agent or by trapping the assayed 
nucleic acid molecule between two porous membranes which permit pas«ge 
of smaller molecules. Where the assayed biomolecule is a protein « can be 
immobilized onto beads carrying appropriate trapping agents, such as 
suitable immobilized antibodies, directed against regions which are not 
required for detection, etc. Alternatively, the assayed biomolecule can be 
immobilized onto a nitrocellulose sheet and another protein, auch as 
albumin, should then be applied onto the nitrocellulose sheet in order to 
saturate all the sheets' vacant locations and avoid, in the next step, non- 
specific absorption. 

• The detection system also comprises first complex molecule 42 

comprising ribozyme 43. linked to cleavsble sequence «f (44) capable of 
being cleaved by active ribozyme. and further comprises sequence . (45) 
complementary to the assayed sequence A (41). Ribozyme 43 doe. not 
self-cleave since molecule 42 is kept in magnesium-less reaction mixture 
25 which elirnutates the ribozymea catalytic activity. This can be done, for 
example, by keeping complex molecule 42 in a magnesium-less EDTA- 
containing reaction mixture. 



20 
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An example of ribozyme 43 linked to the cleavage sequence 
c' (44) of the type hammerhead (Capital letter: r-O-methylated; small 
letters: RNA; over- and underlined: DNA) 

5 ~ ^^^rrpinAnnAAAOCCUAC^UGOUACOU CCAcugauga 
g GCC GAAA GGCc gaa acGUAGU AAA 

Molecules 41 and 42 are allowed to hybridize to give 
immobilized hybrid 46. Free molecules 42 arc washed away, and to the 
10 immobilized hybrid 46 are added magnesium ions in a concentration 
aufficient to activate ribozymes. In the presence of such a concentration of 
magnesium ion ribozyme 43 is able to cleave sequence c\ thus releasing 
itself to the reaction mixture while leaving immobilized cleaved hybrid 47. 
Free and catalytically active ribozyme 43 can serve as the initiation 

15 ribozyme in the catalytic system. 

Fig. 5 shows another example of the activation embodiment of 
the invention. Assayed biomolecule 51, *,hich comprises nucleic add 
sequence A, for example a DNA sequence is immobilized as described 
above. The detection system comprises a second complex molecule 52 
20 comprising ribozyme 53 linked to sequence C (54) which can be cleaved 
by catalytically active ribozyme and sequence a' (55) complementary to 
sequence A in the assayed biomolecule. The complex molecule also 
comprises an inhibitory moiety 58 which, while present in its unmodified 
form, inhibits the catalytic activity of ribozyme 53. An example of an 
25 inhibitory molecule is a nucleic acid sequence complementary to part of the 
ribozyme. In the presence of such a sequence, the ribozyme folds to an 

inactive three-dimensional form. 

Molecules 51 and 52 are allowed to hybridize to give 
immobilized hybrid 56. and free molecules 52 are washed sway. To 
30 separate hybrid 56 are added modifying substances which are able to interact 
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with the inhibitory moiety 58 and modify it to an un-inhibiti»g form. For 
example, where the inhibitory moiety is a nucleic add sequence wluch 
cause, folding of the ribozyme. the modifying substance may be a sequence 
complementary to the inhibitory moiety, which hybridizes and blocks the 
5 inhibitory moiety, thu. allowing the ribozyme to refold to its active form. 
Alternatively, the modifying substances may be subsunce* able to remove 
or cleave the inhibitory moiety, thus terminating its inhibitory actum. 
Active ribozyme is then able to cleave sequence c . thus releasing itself 
torn immobilized cleaved hybrid 57. Catdytically active free ribozyme 53 
10 then serves as the initiation ribozyme in the catalytic system. 

Reference is now made to Fig. 9 which shows another example 
of the activation embodiment of the invention. Molecule 91 comprises the 
sequence of the initiation ribozyme 90. attached to sequence c deavable by 
the ribozyme. and to sequence . and b which are capable of hybridizing 
15 with the assayed biomolecule being, for example the assayed DNA sequence 
of molecule 94. Molecule 91 further comprises blocker DNA sequence 92 
which comprise, sequence B and C. capable of hybridizing to sequences b 
and c of molecule 91, respectively, to give a double-stranded structure. 
Blocker DNA sequence 92 is linked via linker sequence 93. The 
20 ribozyme 90 is not capable of cleaving sequence c since its sequence region 
is double stranded (through hybridization to blocker sequence 92). 

The awayed molecule 94 is then introduced to the reaction 
mixture. If the assayed biomolecule is complementary to « and b of 
molecule 91. then blocker sequence 92 is displaced by the assayed mole- 
25 cule 94 to give hybrid molecule 95. In hybrid molecule 95. the deavable 
sequence c is single stranded enabling the ribozyme to deave it and thu. to 
be freed to the ruction mixture as a catalytically active ribozyme 96 which 
serves as the Initiation ribozyme in the catalytic system. 
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According to this embodiment conditions such as temperature, 
the length of the part of the recognition biomolecule b which is double 
,tranded, etc. must be chosen with care so that the assayed molecule is able 
to displace blocker molecule 92 essentially only if the assayed biomolecule 
5 sequences A and B are perfectly matched to recognition sequences > and b. 

Reference is now made to Fig. 6 which shows the transcription 
embodiment of the detection system of the invention appropriate where the 
biomolecule is a nucleic acid sequence. According to this specific 
embodiment a correct DMA template, which eventually brings to the 
10 transcription of initiation ribozyrne, is assembled from its parts only in the 
presence of the assayed nucleic acid sequence. The detection system 
comprises a first oligonucleotide molecule 61, being essentially DNA, 
comprising from 3'-5'; a double-stranded promoter, a sequence R coding 
tor the complementary sequence of the initiation ribozyrne. a sequence C 
15 coding for a sequence clesvsble by a catalytically active ribozyrne, and a 
sequence D, complementary to the 5 '-part of the assayed nucleic acid 
sequence. The detection system further comprises second oligonucleotide 
molecule 62, being essentially DNA comprising from 3'-5' : a sequence D, 
complementary to the 3'-part of the assayed nucleic acid sequence and a 
20 triggering oligonucleotide template (TRIG). If - assayed nucleic add se- 
quence 63 is present, and under appropriate hybridization conditions, 
sequence D, of molecule 61 and sequence D, of molecule 62 hybridize with 
sequences D»' and D,'. respectively, of the assayed nucleic acid sequence 
to give hybrid 64. 

25 In the presence of transcription system non-template strand 

oligonucleotide 65 is produced, comprising from 3'-5': triggering 
oligonucleotide sequence trig, d,' and sequences, sequences C r\ 
complementary with those of the deavable nucleic acid sequences and the 
initiation ribozyrne, respectively. 
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To the reaction mixture are added molecules of back promoter 
construct 66 comprising a single-stranded DNA promoter linked to a 
sequence capable of hybridizing with the oligonucleotide triggering sequence 
TRIG. Under appropriate conditions the back promoter construct 66 
hybridizes with molecule 65 to give hybrid 67. In the presence of a DNA 
polymerase the single-stranded promoter is completed to give a functional 
double-stranded promoter in hybrid 68. 

Hybrid 68 can serve, in the presence of transcription reagents, 
as a template for the production of final oligonucleotide transcript 69 
comprising from at its 5'-end: an initiation ribozyrnc sequence r and a 
deavable sequence c capable of being cleaved by said ribozyme. 

The ribozyme r cleaves cleavable sequence c thus releasing 
itself to the surrounding medium in the form of free ribozyme 70. Free 
ribozyme 70 can serve as the catalytically active initiation ribozyme in the 

15 catalytic system. 

One mode of the assembly embodiment of the invention is 
shown in Fig. 7(a). The detection system comprises assayed 
biomolecule 71, comprising a nucleic acid sequence Ai A,. In addition, the 
detection system comprises a part of a ribozyme 72, comprising oligorru- 

20 cleotide sequence m\ complementary to sequence A, and another part of a 
ribozyme 73 comprising oligonucleotide sequence a,' complementary to 
sequence A,. The parts of ribozyme 72 and 73 together constitute a 
complete ribozyme if the two parte are assembled. 

If assayed molecule 71 ia present in the medium, it can 

25 hybridize to a 4 of ribozyme part - 72 and a, of ribozyme - part 73 bringing 
the two parts together to form functional ribozymc-assayed sequence hybrid 
76, which may serve as an initiation ribozyme in a catalytic system, for 
example, by cleaving molecule 77, which cleavage may be required to 
initiate the amplification cascade in the catalytic system. 
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Another mode of the assembly mode of the invention is shown 

m 70,) Ribozyme 79 of the hammer-head type has been constructed 
in which Stem-11 has been shortened to have only one complementary 
5 nudeotideCxepxe^by 

of the stem have been opened to give arms . and b. ^ozyme 79 is 
capable of hybridizing with sequence 70 to form Stems 1 and IU and then 
perform the ctfalytic activity, for example, cleavage of sequence 70. 
However. . priori ribozyme 79 is incapable of cleaving the M » 
10 sequence 70 since its Stem-H is open and inactive. Arms a and b of the 
op^ed core have been constructed to be complementary to sequences A 
,„d B of the assayed sequence, for example. DNA sequence 80. 

to the presence of assayed DNA sequence 80. the arms . and b 
of the stem-11 ribozyme 79 are hybridised to the assayed sequence to 
15 produce a fully double-stranded Stem-11 and thus the ribozyme becomes 
caUuytically active and can serve as an initiation ribozyme in a catalytic 
system where, for example, deavable sequence 70 is part of an enzyme » 
the catalytic system which requires de.vage for its activation. 

20 EXAMPLES 

Example l: Detection of « «»yed nucleic add sequence usmg • 
ribozyme with an open item-ll 

Ribcoyme HH8 wa, tesectec into two pens * He loop of 
8 «emp-I. .Uch of U>= two riborym. W- of HH8 (HH6-3 and HHB 5) 
to . differ*. -SdtnoMl 17 one. «il 1— compter*.-* » <he 
U^ARODNA^-Cccu!,. I. « P*»» of ft. W *.-» 
h^„ « bmught togette, -Ufa™- rib0IyBe >»tl«LAMTAB0 
™, two «<r»K» complementary to ft. ribozym. hal«« «• 
30 co^. )a tbe other LAMTAR molecules (LAMTAR1 through 
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LAMTAR4) the two sequences are separated by 1 to 4 non-complemeatary 
bn» respectively. The ribozyme substrate is SB8-24 which contams the 
sequence recognized by HH8. 

5 (a) Method: 

I. Sequences: 

Oligodeoxyribomideotides were synthesized on an Applied 

Biosystem 381A DNA synthesizer according to the manufactures recom- 
mended protocol The Ampliscribe kit (Epicenter Technologies) was used 
10 for all RNA synthesis [cr* P] UTP pOOOCi/mmol] was purchased from 
Holcm ladunrin Ltd.. Iiwel. 
DNA turgeti: 

ttHTit - irrrn-nrnrr-—— ^ TSTre6GBt * 

15 gaSf. ^^cmm^mKmaa^ r 

LAMTAR2: - rrmrr^ ; u 41 1CGGGA 3' 

Underiined -compltinenimry lo riboryrns biu, 
Botd-non-«8npJtmcut*o' wWitoatl nquence. 

RNA transcripts: 

SB-24 (iubitr»le for HHB) 
5' OGUCACAAUGUCGGUCGAGUUCTA 3 

^^^^UCGQOCCOAAACAUUAA V 

I2adsiliofid"coBiP >em * BMry 'otaigtf- 

2. Preparation of RNA: 

DNA oligonucleotides were synthesized according to (1) above. 
The oligonucleotides were purified by electrophoresis on 15% polyacryl- 
amideTM urea gel. UV-shadowed and eluted overnight at room temperature 



25 
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« , u fin 01% SDS «ad 0.1 mM EDTA. Eluted DNA 
in 0.5M Tris-Q (pH-7.0). 0.1% » ^ , volumM of 

- rt5tnt(lf i ^th 0.1 volumes of 3M sodium w»w 
was precipitated witn u n foH -7 0) and 0.1 mM EDTA and 

ethanol, resuspended m 1 mM Tns-Q (pH-7.0) ana 

m a t 20'C until use- Purified oligonudeoudes were annealed to 
stored at -20 C until use ler ^nucleotide 

complementary non-template T7 RNA poiymci v winl , at 95°C 

^r A rTCACTATAGG)in20inMeachbymcubatmg8t95 C 

rsss^ «. u 5 o-c « - 

of IX ..-ion »««. « mM 

A £ ciP^dGTP.l mM OTP, * H.O [»» P) ^ » »M M** 
, . t . fftr t u. at 37-C and then for 5 minutes at 80 C 
The mixture was incubated for 1 hr at 37 ^ acscribe d. 
to .eactlvate the enzyme. The RNA was P-^^ 7M 
Transcripts were purified by clecuopho-, on » 
urea gel. RNA was located by autoradiography and dutrf as 
Hmcd RNA was precipitated as described, suspended rn 0.1X TE 
counted in scintillation flour CLuma LSC). 

3 Cleavage reaction: 

„ 0{ 0, 50 »M T.I.-C. ^ 1 ^ ^ 

. -« w w„ru The reactions were preincubateo si ^ 
005% SDS and 30 mM MgO* Tne reacuww r 

mi. «d mil ~ 15% poly«>yl.B.lde 7 M ««• 
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(b) Result*: . 

The results of the polyacrylamide gel are shown in Fig. 10- 
Ribozyme without . target did not produce appreciable cleavage. When the 
target was added, enhanced cleavage resulted. The enhancement was 
5 greatest in LAMTAR4 Ribozymes tested. 

E»»pU2 Catalytic system comprised a closed-circle composite 
molecule 

,0 ■ n ,.sLS-i»«r»"i>K«ym.(R»)»aci re ulitBiwiUillbp 
^ stcmp -n. The two recognition arm. - connected in tamtem wi* . 
«*, cleavage b»e separating them. Therefore this robozime ha. m 
«**. bu. serve, as . «mpl«e for active ribozymes. Once i. has be» 
cleaved, the -open" ribozyme becomes active (. stow* schem.tw.ly m 
15 Fig. 2(b)). to o,*, to initiate the caulytic syaem an tatota 

outs, be present KM.- ciesvage of RNA occurs a. a rate of 1 even, 
per 10 . moleceles per minote In 30 mM MgCl, a. 3TC. A cucutar 
rtbozym. sponuneo.aly cleaved a, the ekavg. site become. a*., -d » 
capable of serving as the trigger. 
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(•) Methods 

1. Sequences: 

Oligodeoxyribonucleotides were synthesized on an Applied 

Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
.neaded protocol. The Ampliscribe kit (Epicenter Technologies) was used 
for all RNA synthesis [o» -F] UTP pOOOCi/mmolJ was purchased from 

Rotem Industries Ltd.. Israel. 

The RNA precursor (SLS's) sequences were: 5 G0U CAB 
CAG UCG AA [Recognition am I] X [Recognition arm IH1 CUG AUG 
30 AGA CUG CUG ACC A 3' 
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1 above. 



25 



adding » oye boiuuuh run on 15% 

fee. TUc samples weie denatured at 80 C for 5 mi 

polyaciylamide 7 M urea gel. 



Hie rewMw v* r ^ a . ^ {or cascade activity. 

30 ^^-^^^ UM ° MCler ' ,,S,S * OT 
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. . FiE l one of the riboiymes (#313) demonstrated a functioning 
shown in Fig. 1. one m „„citive feedback mannei. 

catalytic cascade resulting in amplification m a posits feed 

v Rlboiym. inhibition b, blood .ndvariou.m-Uri.1. 

5 ****** Ul SSferDNA P r.p«ation 

All amplification technics require a sample W"*™*** 

to .lease nucleic acids and eliminate inhibition of the — * ^ 
Several materials like SDS, phenol and gvamdimum are «aed 

components. Several ma the need of a 

Wood, with and without nucleic acid releasing agents, was tested 
RNA-only and modified ribozymea were examined. 

15 (a) Method 

1. Oligonucleotides: 

synthesis. IY rj/w i polynucleotide kinase was 

purchased from Rotem Industries Ltd., Israel. T4 Poiynu 

purchased from NEB. Beverly. Ma. 

Lowcrcue- ribonucleotide*; 

r-0-MBtby» mod^ction; 
30 SSjffl20S**S- deoxyTibcnuclrotidc.. 
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3. Labeling of modified rlboiyme: 

50 pmoles of the ribozyme, 10 units of T4 PoiynucleoUde 
kinase and 20 ^P] ATP were incubated in IX reaction buffer in a «* 
volume of 10 ,d at 25*C for 1 hr The reaction was terrmnated by 
5 incubation at 60°C for 10 minutes. 

4. Preparation of UNA: 

HH8 tempi.* DNA oligomteleotide w» P»»*>* ** 

pboresis on IS* poly.eryt.mide ' « urea a* UV ^t;l a " S ns"!! 
,0 lmri» « " " M Tris-Q (pH-7.5). 01* « - 

W mM EDTA. Mri DNA — precipe •» 01 * 3 * 

Mb. acetate and 3 volumes of etbrnol, * 01 

Tri ,-Cl pH-7.0 .no 0.! mM EDTA) -4 stored ., -20'C until us. ^Sed 
.Upmodeotide w» annealed - eomplemenury non-«mplW T7 W<A 

20 uM etch by incubatins at WC for « seconds and at 70 C. 60 C, 55 C, 
SOX 45-C 40X and 37-C to 5 mi. at e«* temperature- Tr.nscnpt.or. 
reaction mature (50 M) — »* 2^--* * «M 
buffer. 10 mM Dimiothreitol, J »*« ATP. CTP and OTP. 1 mM UTP 25 
20 mCi |a n F] UTP and 1.1 mM MaClj. The mixture was men*" II. J ^ 
« 3TC and then for 5 minutt. at 80'C to deWiva. the enzyme. The RNA 
was precipitated as d«cribed. TraascrioU we,, purified by Mfkn- 
„ 15% poiyaerytanide 7 M .»«.=•. RNA *u located by autoradiography 
and .luted a. described. Eiuted RNA was precipitated as described, 
25 resumed in 0.1X TE »d counted to «dnnIl«ion Oou. Qjmm ISC). 

3. Ckmii nactioir. 

Reactions (10,* «» —Hr •« to *• • mW,Ce 01 
OS pmo. modified riborym. or HH8. 50 mM Tr»-C (pH-7J). 1 mD 
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„„ w orl j -a of whole blood or 
- « n n<«, SDS and 30 mM MgCIj- i M» w * 
EDTA (pH-7.5). 0.05% SDS an* ^ 



7 M urea get 
0») 



Resttlt8 u - m FiB 12 wherein 0.5 pmol or 

» .suits are shown n I** ^ ^ ^ 

10 rioozymea were present in eaeh sample and * ^ a ^ 

either 10%SDS4Mguanid>^isocyaiui k 

to the reaction 

, tK > ^ .oca »*. . ^ ^ ^ 

0.35 M p-o*- « by 5* P*"° Th« 
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CLAIMS: 

A method for detecting *e presence 

L *in a medium, comprising the steps of. 

initiation ribozyme a » eoBlF Wn» 

W nOT 7^IU'y cannot exexttheu catalytic 
^.lly confined -^J^ tbcriboiy mes being other 
activity on their target, the » m 

Mch other ribozymes causing either. 

0i) release of spattauy w 

them to reach their targets; 

_ nf ^ catalytic system being a 
, t iewt 8 ome of the nborymes of the cay ^ 

^ initiation ribotyme on saio 

(ii) above; and comprising dct6Cl able properties such that 



20 



25 



detectable properties, ^ csy ^ m; 

contacting the medtum with «d J active 

(c) providing conditions {the ^ytic system 
fcitiation^^ 

c * ^ir. ^ > ^« ^ " m 

beto, u i»d«»tiM. of the pie«nee 
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n.iml comprise the «tep* of : 
A method accord** » °£ ^ 8y9Wn Rising- 

- — • — 

ribozynw trecommS ■=*""' 

otMM Bi.trilx*y». rtboiyine b«oo»«» 

. „ one of «*> ^..w^*" 

*- * ,C T ltw^^■' iboI,Be ■ ,,<, 

^ nbozym. o. ■ W» -»*■ ^ ^ <jKtMt 
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^ cleavage of said first sequence release 
nucleic acid sequence d» I mdecule; 

^ >eco„d ritozy- ^ ^ seqU ences being 

_ at least one of said fust or seco 

^le also *V - -* - 

' * ** TCl Jfro™ on, — * to avoid contact 
molecules being sepaiateo u 

Bjoto, medium fctt*™* " 
»> ^ — ^ aid „ -d »d 
«co«i compose »*Wc -U uWs , o. 

ribwymc to *« j ^isins the «»P <* 

„ »id ted *-»- — 5 * * le *• b 
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W provide conditions suitable for said third ribozyme and said 

m*. ribozyme to exert their catalytic activity; and 

M detecting .aid detectable properties, a change ,nsa.dpr p= 
(c) oewc » fnnact ive initiation ribozyme in said 

being an indication of the presence of an acove nut» 

J medium* , . 

« A method «w>rdmg to Ctata 1. compear* 

. , comport* »»cWc add mole.uK compnar* ' *■* 
Ho.,,™. Hahed - • *— nucleic acid aeouenc. « - 
orient or .. . M*- whtch prevents - ' £ 

conrpoa* mo-ccute. said nuOeic acid aecuence be* 

cfc^bl. b, «id nbozyme » F— "'^j^ 

rel «smg said tabelted rtoyme Son. «l compose 

W . "^n^c.id^cc^Cav^a^o, 

said initiation ribozyme; 
. „id compos »=1^'« •"'' r ' ,K ' ^ '° 
avoid contact therein between. 
20 W providing condition, which enable ribozyme deavageand 

, • ,1 „r cleaved ribozymes between said separated 
which allow migration of cieaveu «»v*7 

composite molecules; and -i.«,icd 
(c) dc*oing the pr^cne of re>e«ed «*• ° ^ 

^ medium iadicaUog the P— rf the — 

25 riboryme in the medium. deBeto ,U.e v**"* in 

« Amethod.coirdtaitoCU.m4.foid.lecui.8u. p. 

. m*H,m of . aeUv. nbozyme having the ««* * 
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. a composite nucleic acid molecule comprising a nbozyme 
which h. a cleavble nucleic acid sequence, said composite 
molC cule being in the form of a closed circle and said 
deavable nucleic acid sequence being clesvablc by the 
5 composite molecule in an open form; 

. said deavable nucleic acid sequence being deavable also by 

the initiation ribozyme; 
_ ^6 composite molecule carrying a detectable label which 
changes its detectable properties upon opening of the closed 
l0 composite molecule; 

W Riding conditio* ««* rtk riboryn,. d»V - 

"I-*. •» said detect p.op«Ues . ctag. i« »« 
being • MM. - - I— * <«*** — • 

15 ribozyme in the medium* 

. n«d ta m of . c..»taUy «■» MM- ^ym. Mt «bc culyuc 
activity of splicing comprising: 

(.) contacting the medium with a catalytic system compnsmg 
. a sixth ribozyme having, in a region thereof essential for its 
catalytic activity, an extra nudeic add sequence, said nudeic 
acid sequence renders the ribozyme inactive; 
- splicing of said extra nudeic add sequence renders the s*th 
ribozyme adive; 

. »ld «»• «*• »*— is ^ °' 

ton, the composite molecule by Mid —H*** 

ribozyme; 

. a»d extra nudeic add sequence is also capable of bemg 
spliced by catalytically active detedable label; 



20 



25 
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_ aai d sixth ribozyme carrying a detectable label which changes 
its detectable properties upon splicing of the extra nucleic acid 
sequence. 

(b) providing conditions which allow ribozyme splicing; and 
5 ( C ) detecting said detectable properties a change in said properties 

being an indication of the presence of catalytically active ribozyrne in the 

medium. _ , , , 

g. A method according to Claim 3. wherein the first and second 

composite nucleic acid molecules are located on opposite sides of a porous 
10 membrane blocking their passage therethrough while enabling passage of 
first and second free ribozyxnes. 

9. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are immobilized on a substrate. 

10 . A method according to Claim 5, wherein each composite 
15 molecule is immobilized on a substrate. 

U . A method according to Claim 9 or 10, wherein the substrate 

is a bead. 

!2. A method according to Claim 3. wherein the firat and second 

composite nucleic acid molecules axe linked to moieties having the same 

20 electrical charges. 

!3 A method according to Claim 5. wherein each composite 

molecule is linked to a charged moiety, all moieties in the reaction mixture 
having the same charge. 

14. A method of detecting the presence of an assayed biomolecule* 

25 in a test sample comprising the steps of: 

(a) contacting the sample with a detection system under condiuons 
wWchen^lepi^luctionofcatalvtically active mitiation ribozyme essentially 
only if the assayed biomolecules are present in the sample; and 
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(b) detecting the presence of the cata.ytically active initiate 
„ according to the method of any one of Claims 1-5. the presence 
JL indicating the presence of the assayed biomoiecuie » *. sample- 
l5 A method according to Claim 14, comprising: 

s J^tion biomolecule capable of specify recogn,«ng and bmdmg 
said assayed biomolcculc; 

W eontneUng -U W — *« *• 

ls ,. y .d «• - «— — «** 

the riboiyme cnulyttcally attain. 

(c) ranging unbound fit* complex molecules; 

W p^vidmg different conditio 
15 is rendered active; and . . 

riboryine ««d* » method of »y - * Cim, 1-5. » P^c 
16. A method «eotdto» to CMm 15. comprwng: 

„. . ^cognnio. biomolecu* opM. o. ^«»«y ■«-»«-"• 
Btodteg „id bio.no.cc... rid riboryme being U* » • 

J^-e^e^... being cle.»edb, 

25 MM. dm wherein *.v.ge of d««* *"-« 

c^ytladly «**». mHintion tt ^ 5um "" ,tlta8 me<,,,,B ; ... 

„ conueung »id ^ ==«P>« wl* the tea «*> « 

„der condition, which How binding between Mid recognition biomotecnl. 
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^^^^^^^^^^"^ 

the riboiyme csnlyticslly inactive; 

(c) removing .nbound tai complex molecte. 

— • the iniUeOon .ibo^me » - ^ 

(„ deacon, the presence of the — » " 

rib0 „L lcconlin g „ the method of eny »e of Ota M. P»"»« 
nboiyme iccora « Wom olecule in the ample. 

Hereof, indicating the presence of the asssyeo »' 
10 , 7 Amethodacco.dU.ttoa.iml5.comp.iMng: 

,.) p ro » Wta ».h,h,idm. l ec ul eco»p.i^:» ta W^«^ 
^ . . c .v.b,e ..oleic acid sequence which is c^le. when *n* 
^L. of being by .he » — * 

^ seance — — — 

biomolecu.e capable of specific* -cognizing mi bmdtng «* ^ 
blolecule. L scnence and . pan of .ecognnion 

Womolecule being « <>o»ble „„.„ 
ft, contacung ssid h*dd moleclc with <h= W «-« 
20 cotton, which -tow diapUeemen. of one «»nd of me 

c« of the -cognition biomofceute and the — ■«» 

b,»e^.lly perfectly n,.Kk«d»»ycdbiomolec»le ; 

^e LyL . cuse c^agc of 



25 

mediu 



"""^ ^ng the presence of the -» MM. 



(O) ociccung r**^ „ 

„ seeing u, the me*od of »y « of O-m. X-* P-» 
tt^reo, indict* the presence of the assay* biom.lec.le • the «*- 
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A method according to Claim 15, comprising: 

b ' J Lo^on^ecule capable of specifical.y rccogn^* 
^n^^ biomolccule, said ribozyme linked to a clcavable 
and binding said assayeu catalyUcally active 

initiation nboryme, cleavage m °~ second 

com^ex molecule also comprising an inhibitory mueiy cap 

the «Ulytic activity of said initiation ribozy me; 

comactine said second complex molecule with tnewsv p 

l0 (b) contacting saw ^ WMn said recognition molecule and 

untocondiUonawmchallowbmdm 

^ a5M yed biomolecule while maintaining the mhimtory moiety in 

inhibiting form; 

(c) removing abound second comply molecute. 

—,i rrieasinff the initiation rioozynw "» 
said deavable sequence and releasing we 

ending medium; and cauiytically active initiation 

rri detecting the presence of the caiaiyaw 

1 . „ rt r<n comprise a&ltaB lo the 

« curtly Uck of n»8»«™» »»"«••»? W 

retoi o. medium *»» ta ' 

* ,., c OT ^»^«»P'«^* de,eC,i0,,,! ** me0,,,P ' i,il,|,: 
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- a first oligonucleotide molecule having a double-stranded 
promoter, a single-stranded oligonucleotide sequence being 
essentially DNA which is essentially identical with the 
initiation ribozyme sequence; a single-stranded sequence 
5 being essentially DNA which is essentially identical with a 

deavablc sequence capable of being cleaved by a catalytically 
active initiation ribozyme and a single-stranded sequence 
which is complementary to the 5' -part of the assayed nucleic 
add sequence; 

10 - a second oligonucleotide molecule having a single-stranded 

sequence being complementary to the 3'-p»rt of the assayed 
nucleic acid sequence and further comprises a single-stranded 
triggering oligonucleotide template which can be transcribed 
to give a triggering oligonucleotide sequence, said triggering 
15 oligonucleotide sequence capable, in the presence of a back 

promoter construct and DNA polymerase, to trigger a reaction 
in a transcription system wherein the sequence to which it is 
attached is transcribed; 
fb) providing conditions which allow the hybridization of said first 
20 and said second oligonucleotide molecule to the assayed nucleic acid 
sequence! 

(c) adding a transcription system, under conditions which allow 
tnmscription. whereby triggering oligonucleotide sequence is transcribed, 
said triggering oligonucleotide sequence, in the presence of a back promoter, 
25 DNA polymerase and transcription system and under conditions allowing 
hybridization. DNA polymerization and transcription, brings to transcription 
of a final oligonucleotide transcript comprising initiation ribozyme linked to 
a deavablc sequence capable of being cleaved by catalytically active 
initiation ribozyme; 
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^"^^.T^l of 0,. ^ active MM. 

. . third compo.Ue mokcule con,pns 1Dg i ted 

oUgoocieoode seuuencc being — " *» 5 JT 

r^ouni, opposite molecule . *«* 

15 " Jld ohgor.ucleo.id. t*. complementary « *. 

Z* oil— e «o,uenc« — 10 
U«on ribczv^e . -mpW - 

M . *. *W oligonucleotide » * 

initiation ribozyme; . 

*' r*°vuii»» -.i..i... m vedil«eleic«ddeeq«eKe«ul 
four* ou.onucleo.i6. *ou«n« w«h » »»ved nude 

rtf _ ft.ii initiation riboryme from m p»»- 
which eruble of . full — 

25 » *« f TIL 1-5. 

thereof, indicting the presence of the assayed 
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r-i.* m 14 whetem **** 

of. fflDlc wiln a detection system comprising- 

- a nbozyme of the bcen shortened and 

double-stranded portion ° f ^ Stero .„ is stuched to 
wherein the remaining double-str lemcntu y to 

wo ^-stranded "^"J^U- and the othe 
bBto g complementary to the 5 



10 

sequence 



eonptemaiw sequence* itnoa 

(b) pl»vidllg COWi>l»OM MK>«™» ' 

witt «u — »•* " udeie — te,,,OT " : ; £ «*• wti«i» 

(0 *' P, TT.° »» one cf CM. 

nbcxyme ««*• « *° bi601 ofc«>. * <>» -I* 

„ taw* indie**. *« » ° f *" * (0I d6 «ua, ft. P««ce in 
_ A awhod «*>""»« » CUml J ' ^ lefivhy 

of cHavage comprUing : system comprising: 

iag medium; 
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r M ribozvme which are capable of being 
_ two parts of a fifth nbozyme ^ ^ 

^ted by the fourth «bozyroe to g»e o{ 
^ ribozy»e,s«d fifth nbozyme being 

- two parts of a fourth nbozym ^ aC tivc 

Ugated by the fifth nbozyme to give 
fourth libozyme; .„ ira tB from the two parts 

which «llo« nrtgrnuon ° { *• **" 

l5 (e) pro**"* « 

,i^,, ' 8,,1 *"L *,«cub* prop***. » «*«» » P-P""" 
^ in inotcotton cf the presence 

lig«km comprising: , fic tytKm comprising-. 

w M nu S to»tl»«'ed.<>«'««» 1 J „, beiBg 

« . fifth riboiyrw wto* ^ 
^ * . four* ribo^mo to P^«* ^ ^ 

U^»» — *«* ''^"Ich „e •»*» of being 
H(WdDy . B f.b.ib=tym.«. P roou«.c. yn 
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fourth ribozyme; said fourth ribozyme being of a kind capable 
of Ugating parts of the fifth ribozyme; 
. either »id two part, of the fifth ribozyme or said two parts of 
tne fourth ribozyme arc capable of being Ugated by a catalyti- 
5 cally active initiation ribozyme; 

_ at lc ast one of said fourth or said fifth ribozyme carries labels 
which changes its detectable properties upon ligation; 

(b) providing conditions allowing ribozyme ligation; 

(c) detecting said detectable properties, a change in said properties 
10 being an indication of the presence of said initiation ribozyme in s*d 

medium* PtA 
25. A kit for use in the method of any one of Claims 1 to 24. 
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